Objectives: The aim of this study is to unravel the variabilities posed by alteration of the extraction technique employed on the contents and composition of essential oils derived from the same plant species Methods: Volatile oils of four different Ocimum species (Ocimum basilicum L., O. africanum Lour., O. americanum L. and O. minimum L. family Lamiaceae) were individually extracted from their fresh aerial parts using green microwave assisted extraction (MAE) method and conventional hydrodistillation (HD) and steam distillation (SD) methods. Extracted volatile oil samples were further analysed by GC-MS. Results: Qualitatively, distillation of the Ocimum samples resulted in higher yields of volatile oil than MAE (0.16-0.42%, 0.16-0.44% and 0.1-0.25% ml/g fresh weight for HD, SD and MAE, respectively). However, MAE technique was accomplished in a fraction of time (8 minutes) compared to distillation procedures (2 -4 hours). GC-MS analysis of the Ocimum oils extracted using MAE method revealed higher enrichment of marker ingredients, viz. β-linalool and eucalyptol, over the distillation methods. Relative percentage of β-linalool in oil of O. basilicum and O. africanum was 76.9 & 72.2% versus 31.2 & 42.9% and 24.7 & 57.2%, whereas that of eucalyptol was 11.1 & 9.4% versus 6.2 & 4.5% and 4.8 & 4.2%, by MAE, SD and HD, respectively. Estragole, a natural volatile having safety concerns, was detected with appreciable amounts in the oil samples obtained by distillation. MAE extraction resulted in less than third the estragole content in oil of O.basilicum when compared to (HD) and (SD) methods (10.2%, 36.7% and 33.2%, respectively). Conclusions: MAE provides a rapid, power saving and green technique for extraction and preserving the valuable constituents of Ocimum essential oils. (MAE) produced an exceptionally β-linalool and eucalyptol enriched oil of sweet basil, much suitable for commercial and medicinal uses. Estragole contents were much reduced in (MAE) prepared oil samples comparable to distillation methods, a fact that prioritize selecting this technique for preparing Ocimum oils intended for systemic and/or pediatric applications.
INTRODUCTION
Family Lamiaceae (formerly Labiatae) is one of the main plant families which comprises a wide range of genera highly enriched in volatile oils viz. Thyme, Lavander, Ocimum, Mentha, Rosemary, Salvia and Origanum 1 . The genus Ocimum affords various species used for culinary and condiment purposes, and their essential oils are extensively employed commercially as ingredients in foods, insect repellents, perfumes and cosmetic industries 2 . Medicinally, Ocimum herbs and oils are also consumed in folk medicine and aromatherapy for their marked antispasmodic, anti-inflammatory, expectorant, sedative and anxiolytic effects 3, 4 . For these economic and medicinal attributes, numerous Ocimum cultivars, primarily Ocimum basilicum (sweet basil), are currently cultivated worldwide 5 . Previous studies indicated that Ocimum oils are generally enriched in phenylpropanoids and oxygenated monoterpenes viz. β-linalool and caryophyllene when prepared by hydrodistillation 6 . The composition of volatile oils is generally influenced by ontogenetic, seasonal and environmental variables 7 . Nevertheless, extraction of the volatile oils from their natural sources is a crucial step defining the end product qualitatively and quantitatively 8 . Conventional distillation methods involving prolonged exposure to heat and water as a liquid or vapor phase could be destructive for many of the volatile oil constituents 9 which affects the end product significantly. Microwave assisted extraction (MAE) is a green, solvent free extraction procedure that is considered to be a modified dry distillation technique 10, 11 . Unlike conductive heating methods, microwaves with their electro-magnetic power, allow for heating the whole extracted sample in a uniform and rapid manner 10 . Other benefits of (MAE) include reducing the extraction time from hours to minutes, higher yields as well as energy and plant material saving 12 
.
The present study is an attempt to compare the oil composition and abundance of bioactive ingredients after different extraction techniques viz. distillaion (steam and hydro-distillation; SD and HD, respectively) and (MAE). Four Ocimum oils (Ocimum basilicum L., O. africanum Lour., O. americanum L. and O. minimum L.) were separately prepared using the three aforementioned techniques and further analysed by gas chromatography coupled to a mass detector (GC-MS).
MATERIAL AND METHODS

Plant material
Fresh Ocimum volatile oils were isolated separately in well closed vials containing anhydrous sodium sulphate to remove any traces of water to protect the oil from hydrolysis, and vials were stored in the refrigerator at 4
• C till further GC-MS analysis.
Microwave assisted extraction (MAE)
A microwave essential oil distiller (OilexTech ® , USA) with a specific extraction kit (Figure 1 ) was used for preparing the volatile oils. Ca. (100 g) of each Ocimum sample was placed in the distillation kit container, where a cone of ice fixed in the cover of the container, was placed inside the kit acting as a condenser. Microwave assisted extraction was carried out for 8 minutes with only 80% of microwave radiation power 13 . 
Hydrodistillation (HD)
In a Clevenger apparatus, place (500 g) of each Ocimum sample submerged in distilled water having no xylene. Hydrodistilltaion was carried out for 4 hours using ca. 6 L of water 14 . (HD) technique was applied for preparation of volatile oils of the four species of Ocimum used in this study.
Steam distillation (SD)
Steam distillation was held in a similar way to hydrodistillation. The only difference was that the plant sample (250 g) was held in a separate rounded flask above the flask containing boiling water, where the steam was forced to move through the plant sample. The procedure was carried out for 2 hours for each Ocimum sample, where there was no direct contact between the plant sample and the boiling water 15 .
GC-MS volatile oil analysis
The mass spectra were recorded using Shimadzu GCMS-QP2010 (Tokyo, Japan) equipped with Rtx-5MS fused bonded column 30 meters long 
Figure 5. GC-MS chromatograms of Ocimum americanum oils extracted by steam distillation (SD) and hydrodistillation (HD).
with a split injector (split ratio 15:1). The capillary column was directly coupled to a quadrupole mass spectrometer (SSQ 7000; Thermo-Finnigan, Bremen, Germany). The program conditions were as follows:
The initial column oven temperature was kept at 45°C for 2 min (isothermal) then raised to 300°C at a rate of 5°C/min. The column oven temperature was kept constant at 300°C for 5 min whereas the injector temperature was 250 °C. Helium carrier gas flow rate was 1.41 ml/min. All the mass spectra were recorded 
RESULTS AND DISCUSSION
The present study reveals the differences in volatile oil composition arising from altering the extraction procedure for the same specimen in four Ocimum species. Extraction of volatile oils using (MAE) technique was only successful with both O. basilicum and O. africanum., while the other species, O. minimum and O. americanum, failed to produce enough volatile oil for GC-MS analysis under same experimental conditions. Percentages of the volatile oils yielded the examined ocimum. samples are presented in Table 1 . (Figure 6 ). Bioactive and marker components in the volatile oils of the same species varied significantly according to the extraction technique employed, being more enriched, less abundant or even absent in one of the procedures. Generally, the number of volatiles detected in the oils extracted using (MAE) method were less than distillation derived volatiles, where only 16 ingredient were identified collectively. This alteration in the volatile blend observed in the same species will definitely have an impact on the organoleptic, chemical and biological properties of the produced oils .
O. basilicum, the most commonly consumed basil species, revealed only 4 volatiles in the (MAE) oil sample comparable to 39 and 38 volatiles by (SD) and (HD) techniques, respectively (Figure 2 Estragole (methyl chavicol, p-allylanisole) is an anethole isomer that has been listed as "genotoxic carcinogens" 20 . Although estragole has natural occurence in Ocimum species and other members of family Lamiaceae 21 but it is obvious that prolonged extraction periods and application of heat can result in elevating its content 22 . The committee on herbal medicinal products (HMPs) also has released a public statement about the potential genotoxic carcinogenicity of estragole and they recommended restricted consumption for children and nursing women 23 .
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El -Kersh et al., 2019, 3 (3), 134-142 http://aprh.journals.ekb.eg/ As for O. minimum volatile oil composition, a total of 41 compounds were identified in the sample prepared by HD method versus 19 compounds only by (SD) (Figure 4) Based on the essential oil composition, Ocimum species can be categorized into four major chemotypes viz. methyl chavicol (estragole), linalool, methyl eugenol or methyl cinnamate enriched oils (24) . (E)-Methyl cinnamates was only detected in O. minimum and O. americanum species (Figures 4 & 5 
CONCLUSION
The present study strongly emphasizes that besides genetic variabilities, the extraction technique employed has a strong impact on the characteristics and the anticipated biological activities of the produced oil. The variation in volatile percentiles among different extraction methods could be attributed primarily to the direct contact with water and prolonged exposure to high temperatures for heating in both (HD) and (SD) methods. The study findings opt (MAE) for extraction of essential oils, whenever applicable, as a rapid, power saving and green technique that preserves the genuine composition of the oils. (MAE) produced an exeptionally β-linalool and eucalyptol enriched oil of sweet basil, much suitable for commercial and medicinal uses. In terms of oil safety and convenience for medicinal and systemic applications, estragole contents were much reduced in (MAE) prepared oil samples comaprable to distillation methods. Therefore (MAE) technique would be generally recommended over both distillation methods for extraction of essential oils of Ocimum species.
